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Summary
Objective: The aim of this study was to follow, over a 4½-month period, the medial tibia cartilage thickness on a meniscectomy (MNX) guinea
pig osteoarthritis (OA) model and to compare with control animals, using three-dimensional high-resolution magnetic resonance imaging (3D
HR-MRI).
Methods: MRI experimentations were performed in vivo at 7 T on guinea pig knee joints. 3D HR-MR images were acquired in 60 controls
(SHAM) and 45 osteoarthritic animals (MNX) at four time-points (15, 45, 90 and 135 days) after surgery. Medial tibial cartilage thickness
was measured from MRI images using in-house dedicated 3D software followed by a statistical analysis. At each time-point 15 SHAM and
15 MNX animals were sacriﬁced for histomorphometric assessments.
Results: No signiﬁcant difference of mean cartilage thickness between the groups was found at early stage (D45) using MRI; however, sig-
niﬁcant differences were found between the groups at D90 (P< 0.001) and D135 (P< 0.001). Histomorphometry data conﬁrmed the patho-
logical status of the animals and was well correlated with MRI at D15 (r¼ 0.79, P< 0.01), D45 (r¼ 0.67, P< 0.01), and D135 (r¼ 0.39,
P< 0.05) for SHAM, and at D45 (r¼ 0.63, P< 0.01), and D135 (r¼ 0.81, P< 0.01) for MNX.
Conclusion: Medial tibial cartilage measurement based on HR-MR images enables the monitoring of longitudinal cartilage thickness changes.
This technique showed signiﬁcant differences between SHAM and MNX as from D90 after surgery. It could be used as a noninvasive and
reproducible tool to monitor therapeutic response in this OA model.
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Osteoarthritis (OA) is a progressive disorder of the joints
caused by gradual loss of cartilage and resulting in the de-
velopment of bony spurs and cysts at the margins of the
joints. Advances in medical imaging offer hope in terms of
early diagnosis and therapeutic follow-up both in humans
and in animal models of OA. Osteoarthritic changes in the
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2006.656tibial articular cartilage following total or partial meniscec-
tomy (MNX) have been reported in both human and animal
studies1e6. The clinical long-term data have also shown that
articular cartilage degeneration cannot be avoided even if
partial MNX is performed arthroscopically7,8. It is generally
assumed that this process of cartilage degeneration is
due to changes in mechanical loading after MNX.
Similar to humans, guinea pigs develop age-related OA
with frequency directly correlated with body weight, me-
chanical load and posture9. Evolution of cartilage degener-
ation with disease progression of the guinea pig model of
OA after MNX has been reported in the literature2,6,10e13
showing that the early signs of degradation appear at
approximately 1 month post-surgery followed by moderate-
to-severe degeneration by 3 months. Previous in vivo
follow-up studies using two-14 and three-dimensional (2D
and 3D)15 magnetic resonance imaging (MRI) on the guinea
pig model characterized the progression of spontaneous
OA, but no study has used MRI to follow MNX-induced
OA progression in this animal model.
657Osteoarthritis and Cartilage Vol. 15, No. 6However, cartilage thickening has also been observed,
and it is not clearly understood if it represents an initial re-
versible phenomenon, permanent tissue damage, or if it is
the expression of a reparative process16e18. Reports of lon-
gitudinal studies monitoring quantitative changes of carti-
lage are deﬁcient14,19. For this reason, this present paper
follows the early stages of a guinea pig OA model induced
by partial MNX.
Therefore, the aim of this study is to perform a 4½-month
longitudinal follow-up on medial tibial cartilage thickness in
a guinea pig OA model compared with control animals, us-
ing three-dimensional high-resolution magnetic resonance
imaging (3D HR-MRI). Histomorphometry was assessed
in order to conﬁrm the development of the pathology.
Methods
ANIMALS
Male Hartley albino guinea pigs (Charles River, L’Arbre-
sle, France) were housed ﬁve per cage, maintained at
21C with a 12 h/12 h light/dark cycle, and fed food (certi-
ﬁed guinea pig breeding diet 114 from Usine d’Aliments Ra-
tionnels, Villemoisson, France) and water ad libitum. Ethics
guidelines for experimental investigations in animals were
followed, and the experimental protocol was used after ac-
ceptance by the Institut de Recherches Servier (IdRS) Ani-
mal Experimentation Ethics Committee.
PROTOCOL
Reproducibility
The short-term reproducibility of the method was ﬁrst
assessed in a preliminary study. MRI examination was re-
peated ﬁve times in nine control (SHAM) and ten osteoar-
thritic animals, 3 months after MNX.
Longitudinal study
Sixty SHAM and 45 MNX guinea pigs were analyzed at
four different time-points after surgery: day 15, day 45, day
90 and day 135 (Fig. 1). For the reasons of early surgical op-
eration (MNX), only the SHAM group was imaged at D15.
MRI acquisitions were performed to assess the medial side
of the guinea pigs’ left knees. The animals were scanned
in vivo for an acquisition time of approximately one hour. At
the beginning of the study, the animals were 3 months of
age with an average weight of 546 g 23. At the end of
the study (D135) the weight signiﬁcantly increased:1004 g 75 for the MNX group, and 1037 g 96 for the
SHAM group. As consequence of the anesthesia, four
MNX and four SHAM animals were lost during the follow-up.
SURGICAL OPERATION
Partial medial MNX was performed on the left knee of 45
guinea pigs (MNX), anesthetized by inhalation of isoﬂurane
(Abbott Laboratories, Rungis, France) at 4e5% concentra-
tion in a mixture of 50% oxygen and 50% nitrous oxide.
The technical aspect of the operation was carried out in
accordance with previously published surgical procedures
described by Bendele20. Sixty other animals (SHAM) under-
went control surgery in which the joint capsule was opened
by transection of the medial collateral ligament and the me-
niscus was left intact. After the operation, the collateral lig-
ament was sutured, and the skin incision closed with two
wound clips, and disinfected with povidone (Betadine,
Asta Medica, Belgium). After MNX the animals were kept
for approximately 2 weeks to recover. In all animals, mild
transient inﬂammation induced by surgery disappeared 1
week after operation.
ANIMAL SETUP FOR MRI
Gaseous anesthesia was performed with an approved
system (Minerve Equipement Ve´te´rinaire, Esternay,
France) using a mixed gas of air (30% oxygen) at a con-
centration of 4% isoﬂurane (Laboratoire Belamont, Bou-
logne Billancourt, France). Anesthesia was administered
in an induction box with 1 l/min ﬂow. During scanning the
level of anesthesia was maintained at 2.7% isoﬂurane
with the same airﬂow. Guinea pigs were then placed in
a supine position on a dedicated plastic bed with the left
hind leg extending through the received radio-frequency
(RF) coil. Gaseous anesthesia was supplied to the animal
via a cone mask and the mixed gas temperature was
maintained by a continuous ﬂow of heat. Post-scanning,
guinea pigs were kept under a heat light until complete
recovery.
MRI PROTOCOL
MRI acquisitions were performed on a Bruker 7 T Bio-
spec system (Bruker, Ettlingen, Germany) equipped with
400 mT/m gradient set, using a transmitting body coil
(o.d.¼ 112 mm and i.d.¼ 72 mm) and a 15-mm receive-
only surface coil.
Quantitative assessment of cartilage morphology was
based on images obtained using spoiled fat-suppressedFig. 1. Design of the longitudinal study for MRI and histomorphometry assessments; as the consequence of the anesthesia, four MNX (one at
D45, two at D90, and one at D135) and four SHAM (one at D90 and three at D135) animals were lost during the follow-up.
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rameters: a¼ 25, repetition time (TR)¼ 50 ms, echo time
(TE)¼ 3.4 ms, with 42 kHz receiver bandwidth (rbw). A total
of 64 slices (312 mm thick) were acquired with an ﬁeld of
view (FOV) of 30 mm and an acquisition matrix size of
512 384. The acquisition volume was reconstructed to
a 512 512 128 matrix leading to 156 mm partition thick-
ness and an in-plane pixel of 59 59 mm2. To avoid aliasing
due to phase encoding, anti-aliasing was used in both slice
(right/left) and phase (anterior/superior) encoding direc-
tions. The scan time for the GEFI sequence was 45 min.
Thin slices from 3D-MRI acquisition allowed for multi-planar
reconstruction (MPR) and slice reorientation when acquisi-
tions were not performed in strict anatomical directions.
MR IMAGE ANALYSIS
The MR data processing was performed using a dedi-
cated approach embedded in in-house interactive software
allowing the quantiﬁcation of the cartilage thickness. The
main steps of the software were as follows: region of inter-
est selection (at the same site as further evaluated by histo-
morphometry), cartilage segmentation, and measurement
of medial tibial thickness (in its central part).
First, the data from the region of interest (central medial
part) were cropped and a cubic interpolation was performed
in order to obtain a matrix sized to 128 128 128 with an
isotropic 59 mm voxel. An adapted automatic 3D segmenta-
tion approach of the tibia and femur surface based on the
3D active surface model, namely 3D Snake21 was devel-
oped. The foundation of such an approach is to iteratively
deform an initial surface described by a triangular mesh in
order to ﬁt the 3D surface of a 3D object. The deformation
is achieved in order to minimize an energy composed of
an internal energy and an external one22. The internal en-
ergy constrains the surface smoothness and the distance
between the mesh points. The external energy aims to
guide the surface to the object contour based on the image
data. For this application, we use the gradient module of the
3D image data obtained after an anisotropic diffusion ﬁlter
that enhances contours and attenuates noise. The gradient
module is weighted by the result of a binary bone segmen-
tation based on a gray level threshold. In this application,
two surfaces (one for the tibia and one for the femur)
were managed as illustrated in Fig. 2.
From the tibia and femur segmentation, several mea-
sures were extracted. First, the software measured in 3D
space and the minimal distance (noted dm) between the
two surfaces corresponding to the two bone margins of
the knee articulation. This minimal interbone distance was
associated to the minimal cartilage thickness of both the tib-
ial and the femoral cartilage as a minimal joint space width
(JSW). We call the two surface points that give the distance
dm, the contact points. At a second time, the user interac-
tively measured the portion of the dm measure (noted Tct)
that corresponds to the tibial cartilage thickness. The global
processing time required by all the steps of this semiauto-
matic measure is inferior to 5 min per analyzed 3D volume.
HISTOMORPHOMETRY ASSESSMENT
The histomorphometry measurements were performed
on the operated tibia samples after the sacriﬁce of the ani-
mals. The bone samples were prepared according to previ-
ously described histological procedures23. The thickness
measurements were made on the medial tibial plateau ac-
cording to a previously described method24. The cartilagethickness (expressed in micrometers) was then measured
in the central zone of the medial tibial plateau (deﬁned by
two morphological points at the margin of cartilage and
bone) at a 20 magniﬁcation (Fig. 3). After manually delim-
iting the cartilage from the subchondral bone, the resulting
area of cartilage was automatically segmented and the car-
tilage thickness was calculated as the mean length of all the
segments generated from each pixel situated on the border
of the corresponding area of the cartilage.
During the longitudinal follow-up, 15 SHAM and 15 MNX
animals were sacriﬁced at every time-point after MRI acqui-
sitions for the histomorphometry assessments, according to
Fig. 1. Due to an important technical reason, no histomor-
phometric measurements have been assessed at D90.
However, at this time-point, histomorphometric data ob-
tained from animals studied with a similar protocol (breed,
environment, surgery, age, anesthesia, technicians.)
were available and added as reference data for this time-
point (published data e see Ref.12).
STATISTICAL ANALYSIS
Data were expressed as mean standard error of mean
(S.E.M.¼ standard deviation divided by the square of ani-
mals’ number).
From the replicate data sets obtained in each animal, the
short-term precision of an individual subject was expressed
as the coefﬁcient of variation (CV) and calculated as the
standard deviation divided by the mean of repeated carti-
lage thickness measurement on a given subject. The coef-
ﬁcient of variation expressing the short-term precision of the
technique for each animal group was determined with the
root mean square (RMS) average of previously calculated
individual CVs.
The difference of the mean data from MRI acquisitions be-
tween the two groups was assessed by two-factor (Time
Group) analysis of variance (ANOVA) of the repeated
Fig. 2. 3D visualization of the active surface deformation. The upper
surface ﬁts the femur surface and the lower one the tibia surface in
the region of interest. A white line indicates the minimal distance dm
between the two surfaces (yellow ballegreen ball) corresponding to
the minimal distance of the two bone margins of the knee articula-
tion (minimal JSW); Tct (white ballegreen ball) is the distance cor-
responding to the tibial cartilage thickness.
659Osteoarthritis and Cartilage Vol. 15, No. 6Fig. 3. Histomorphometric comparison of the two groups, SHAM and MNX: illustrations from day 45 to day 135.measurements followed by the Dunnett’s t test for each time-
point. The signiﬁcance of differences between mean values
of histomorphometric data was assessed by Student’s
t test. The statistical analysis was performed within the IdRS
department of statistics using the SAS software (version
8.02) and nQuery Advisor software (version 5.0).
Pearson’s correlation coefﬁcient (r¼ simple correlation)
was calculated separately for SHAM and MNX in order to
assess the correlation between the two techniques at every
time-points.
The accuracy of MRI acquisitions was evaluated by ana-
lyzing the random pairwise differences (%; average pair-
wise differences with elimination of the þ and  signs),
and systematic pairwise differences (%; average pairwise
differences without elimination of the þ and  signs) vshistomorphometry data. A t test was performed to establish
the differences in measurement pairs and Wilcoxon signed-
rank tests were performed to identify statistically signiﬁcant
differences in precision between measurement protocols
(systematic pairwise differences).
Results
MRI DATA
The CVs used to assess the short-term precision of the
technique were 8.9% for the SHAM group and 8.2% for
the MNX group.
The evolution of cartilage thickness changes for both
groups, SHAM (Fig. 4) and MNX (Fig. 5), assessed by
660 R. Bolbos et al.: MRI-based guinea pig cartilage thickness follow-upFig. 4. Representative images obtained in SHAM guinea pig during follow-up: a, day 15; b, day 45; c, day 90 and d, day 135.MRI, and was illustrated for each time-point of this longitudi-
nal study. All mean tibial cartilage thickness values e Tct
of all the animals e for MRI measurements are represented
in Fig. 6.
One must specify that, for technical reasons (MRI setup
difﬁculties as well as nonexploitable acquired MR images)three subjects (two SHAM and one MNX) have been ex-
cluded from the results’ analysis at the last time-point
(D135), these data points being considered as ‘‘outliers’’.
For the animals sacriﬁced at D135, the two-way ANOVA
test performed on the repeated values over the time (at
D15, D45, D90 and D135 for the 10 SHAM and at D45,Fig. 5. Representative images obtained in MNX guinea pig during follow-up: a, day 45; b, day 90; and c, day 135.
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Fig. 6. The MRI longitudinal study: no signiﬁcant difference was found at D45 between all SHAM and MNX animals; on the contrary, signiﬁcant
differences were found between the groups at D90 (15.1%, ***P< 0.001) and D135 (23.1%, ***P< 0.001), respectively.D90 and D135 for the 13 MNX) found a signiﬁcant interac-
tion (P¼ 0.001) between the two factors (TimeGroup),
meaning that the differences between the groups varied
differently with the time. At D45, there is no signiﬁcant differ-
ence (P> 0.05) between the groups. Signiﬁcant differences
between the groups were found at D90 (15.1%,
P< 0.001) and at D135 (23.1%, P< 0.001). The SHAM
group’s values of the mean cartilage thickness did not
show any signiﬁcant variations with time. On the contrary,
a signiﬁcant decrease of mean cartilage thickness was ob-
served in the MNX group between D45 and D90 (18.2%,
P< 0.001) followed by a signiﬁcant decrease between D90
and D135 (11.4%, P< 0.05).
HISTOMORPHOMETRY DATA
The morphological aspect of the cartilage at different
time-points is illustrated on the histological slices (Fig. 3).
There was no signiﬁcant difference in mean cartilage thick-
ness between SHAM and MNX at D45 (Table I). Histo-
morphometry data conﬁrmed the signiﬁcant differences
between MNX and SHAM animals, both at D90 (24.5%,
P< 0.001) and D135 (21.3%, P< 0.01). Because no his-
tomorphometric measurements were done at D90, the his-
tomorphometry data presented at D90 were obtained from
published12 studies performed in the same conditions.
CORRELATIONS AND DIFFERENCES BETWEEN MRI
AND HISTOMORPHOMETRY
For the SHAM group, signiﬁcant correlations were found
at D15 (r¼ 0.79, P< 0.01), D45 (r¼ 0.67, P< 0.01) andD135 (r¼ 0.39, P< 0.05) between MRI and histomorphom-
etry data (Fig. 7); at D90, no histomorphometry data were
assessed, so no correlation at this time-point was possible.
For the MNX group, no histomorphometry data were as-
sessed at D15 and D90. Signiﬁcant correlations were found
at D45 (r¼ 0.63, P< 0.01) and at D135 (r¼ 0.81, P< 0.01)
between MRI and histomorphometry data (Fig. 7).
There were no signiﬁcant differences between MRI and
histomorphometry for the SHAM group at D15 and at
D45. On the contrary, the assessed t test has been found
signiﬁcant at D135 (P< 0.01) which conﬁrms the differ-
ences between the mean data from the two techniques at
this last time-point (Table II).
The t test assessed for the MNX group was not signiﬁcant
at D45, but it was signiﬁcant at D135 (P< 0.01) which also
conﬁrms the differences between the mean data from the
two techniques at this last time-point (Table II).
The average under/overestimations for the SHAM group
were 5.3% at D15, 3.3% at D45 and 7.8% (P< 0.01) at
D135 and for the MNX group these systematic deviations
were 13.1% at D45 and 22.6% (P< 0.01) at D135. With
the exception of D135, there was no statistically signiﬁcant
systematic bias in the data assessed by the Wilcoxon
signed-rank test (Table II).
Discussion
The use of 3D MRI is gaining wider acceptance over con-
ventional joint-space narrowing measurements by X-ray for
human articular joint studies. MRI has been shown to be
a valid and reproducible technique to measure the human
knee cartilage thickness and volume25e27 and is likely toTable I
Mean cartilage thickness measured using histomorphometry for both groups, at different time-points after surgery; D90 data are not taken from
this study
Mean cartilage thickness (mm S.E.M.) evaluated by histomorphometry
D15 D45 D90 D135
Sham 275.1 5.9 (n¼ 15) 299.6 11.9 (n¼ 15) 338.9 18.3 (n¼ 15) 342.7 14.1 (n¼ 12)
MNX e 320.7 11.2 (n¼ 15) 255.8 10.1 (n¼ 15) 269.6 15.4 (n¼ 14)
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Fig. 7. MRI e histomorphometry data correlations at different time-points during the follow-up; no histomorphometry data are
available at D90.be useful in longitudinal studies of knee OA28e31. Disease
progression of the guinea pig model of OA has been previ-
ously characterized by histomorphometry2,32,33 but there
are few MRI studies reporting OA evolution on this animal
model. Tessier et al.15, performing a 12-month in vivo MRI
follow-up study on the guinea pig model, showed the ability
of 3D HR-MRI to characterize spontaneous OA and to
quantify for the ﬁrst time longitudinal tibial cartilage volume
loss associated with disease progression. At 9 months of
age, for the highest apparent image resolution used of
59 117 234 mm3, the guinea pigs’ medial tibial cartilage
thickness measured was in the range of 300e350 mm. Thetotal scan time for acquiring a 3D data set was 105 min at
4.7 T.
In this study, 3D HR-MR images were used to assess
cartilage thickness and to compare the evolution between
an MNX and spontaneous guinea pig OA models. At 7 T,
a good compromise was found in the choice of the param-
eters to reach the voxel of 59 59 156 mm3 within only
45 min.
In comparison to spontaneous OA, this guinea pig menis-
cectomized model of OA induces faster cartilage degrada-
tion. The lesions presented from 3 to 4 months after
surgery showed similar characteristics to those observed
663Osteoarthritis and Cartilage Vol. 15, No. 6Table II
Pearson’s correlation coefficients and accuracy of mean cartilage thickness measurements assessed by MRI and histology for the two groups
(*P< 0.05; **P< 0.01)
Time-point Pearson’s correlation coefﬁcient, r Average random pairwise differences (%) Average systematic pairwise differences (%)
MRI data e HISTO data MRI data e HISTO data MRI data e HISTO data
Sham MNX Sham MNX Sham MNX
D15 0.79** e 23.6 e 5.3 e
D45 0.67** 0.63** 50 18.4 3.3 13.1
D90 e e e e e e
D135 0.39* 0.81** 10.9 48.9 7.8** 22.6**after 12 months for spontaneous OA model as previously
reported15.
Determined CV values computed for the reproducibility
are larger than CV calculated on human cartilage34,35. How-
ever, in order to let some time for the guinea pig to recover
between two anesthesias, the reproducibility was per-
formed over a 10-day period with possible knee joint tissue
evolution. Moreover, the CV values have to be compared
and relativized with the expected percent of cartilage loss
generally observed in the model under normal (therapeutic)
conditions. Pastoureau et al.2 previously reported CV
values varying between 1.4 and 10.9% for the histomorph-
ometry parameters measured on the same animal model, 3
months after surgery. For instance, the higher CV (10.9%)
for the ﬁbrillation parameter was considered in relation to
the greater variation observed with this parameter under
pathological conditions.
For the SHAM group, at D15 [Fig. 4(a)], the joints’ mor-
phology appeared visually normal. At D45 [Fig. 4(b)], the
still growing animals presented an increase of medial tibial
cartilage thickness, with a strong delineation of the separa-
tion limit between tibial and femoral cartilage. At D90
[Fig. 4(c)], the cartilage thickness continued to develop,
but the growth plate becomes less noticeable. At the latest
stage of the study, D135, [Fig. 4(d)] there was a slight de-
crease of the cartilage thickness and there was remnant
growth plate. This was conﬁrmed previously by Bendele36,
Meacock10 and Han37, who reported that the spontaneous
OA changes on this animal model are present as early
as 3 months and become more pronounced with age. Sig-
niﬁcant correlations were found at these time-points bet-
ween MRI and histomorphometry data: r¼ 0.79, P< 0.01
at D15, r¼ 0.67, P< 0.01 at D45, and r¼ 0.39, P< 0.05
(Fig. 7).
At D45 [Fig. 5(a)], the morphological characteristics of the
MNX group’s joints were almost similar compared to those
of the SHAM group at the same stage, both appearing visu-
ally normal. A signiﬁcant correlation (r¼ 0.63, P< 0.01) was
found between MRI and histomorphometry data at this time-
point. Cartilage degeneration started at D90 in the MNX
group. MRI showed localized cartilage erosions in the
central region of the tibial plateau and osteophytes were
present in the joint’s periphery [Fig. 5(b)]. The cartilage
thickness continued to decrease and a signiﬁcant difference
(15.1%, P< 0.001) was found between the SHAM group
and the MNX group at this time-point for all the animals.
At D135, the MNX group showed pronounced cartilage le-
sions with loss, erosion and cartilage fragmentation in the
joint space. Due to the missing meniscus, the cartilage
degeneration resulted in a less detectable separation limit
between the tibial and femoral cartilages [Fig. 5(c)]. In a
general manner, the images’ contrast changed and de-
graded in time as a function of the OA level. At D135, thesegmentation process and the semiautomatic cartilage
thickness quantiﬁcation were more difﬁcult for MNX sub-
jects than for SHAM subjects. This difﬁculty was also prev-
alent in histological sections in which small amounts of
degraded cartilage have been not easily quantiﬁed at the
late stage of the disease. However, a signiﬁcant correlation
(r¼ 0.81, P< 0.01) was found between the techniques at
this time-point (Fig. 7).
This study had several limitations. As the number of the
animals examined for the whole MRI study was important,
data only from a limited number of subjects by group
were correlated at each stage with histomorphometry as-
sessments. Concerning the measured difference between
groups, it is therefore important to notice that it is difﬁcult
to compare the levels of signiﬁcance at D135 to other pre-
vious stages because of the decreasing number of animals
remaining at this last time-point.
With an in-plane resolution of 59 mm, a cartilage thick-
ness of around 300 mm is represented by 5 pixels. In these
conditions, the accuracy decreases drastically with the
stages of OA. The use of a more sensitive RF coil (such
as a multiple elements array coil) would allow one to in-
crease the spatial resolution and consequently to improve
the accuracy.
Signiﬁcant differences were found at D135 between MRI
and histomorphometric data for the MNX group (P< 0.01)
as well as for the SHAM group (P< 0.01). The explanation
is that, for the MNX group the quantiﬁcation procedures
used for both modalities became different at advanced
stages of OA (in this case at D135). The developed software
used to process theMRI data quantiﬁed the average of a car-
tilage thickness which included not only the cartilage but also
the denuded (eroded) bone interface area as ‘‘areas of 0 mm/
mm cartilage thickness’’, in agreement with Graichen and
Eckstein27,38 who stated this remark recently. On the con-
trary, the histomorphometry quantiﬁes only the cartilage
thickness in the remaining cartilage areas. This means that
the mean cartilage thickness obtained from histomorphome-
try has been overestimated compared to the mean cartilage
thickness obtained from MRI.
The location of the dm measurement (minimal interbone
distance between tibia and femur) relative to the tibial pla-
teau can potentially vary from one measurement to another
especially for the OA subjects. In consequence this is a po-
tential source of measurement variability. Further improve-
ment in the quantiﬁcation process needs to be made to
warrant that the location of the MRI-based cartilage tibial
measurement is consistent on the tibial plateau.
Another important point is that, due to the animals’ obe-
sity the MRI setup becomes more difﬁcult for both groups
at this last stage in terms of animal positioning within the
transmitting body coil and this fact consequently affected
the quality of the MR images. For this reason, three
664 R. Bolbos et al.: MRI-based guinea pig cartilage thickness follow-upacquired MR images (two SHAM and one MNX) have been
considered not exploitable and the corresponding data
points (‘‘outliers’’) have been excluded from the results’
analysis. The signiﬁcant systematic deviations for both
groups (Table II) are probably translating these difﬁculties.
However, in spite of all these difﬁculties, a signiﬁcant dif-
ference was found at D135 between the groups (23.1%,
P< 0.001) and this difference was conﬁrmed by the histo-
morphometry data. The calculated CV obtained within the
reproducibility study appears fully acceptable considering
these differences.
The main goal of this study was to perform a 4½-month
longitudinal follow-up using 3D-MRI of the medial tibial car-
tilage thickness in a guinea pig OA model and to compare it
with control animals. The 3D HR-MRI was able to assess
the evolution of the continuous degradation of cartilage
and differentiate between the two studied groups. The his-
tomorphometry was performed in order to conﬁrm the devel-
opment of the pathology. MRI is a powerful noninvasive
technique allowing in vivo longitudinal assessment of the
cartilage evolution, as opposed to the invasive histomorph-
ometry, a 2D time consuming method.
In conclusion, this 4½-month longitudinal study with MRI-
based quantiﬁcation of tibial cartilage thickness in a guinea
pig OA model was performed. Medial tibial cartilage mea-
surement based on HR-MR images enabled the monitoring
of longitudinal cartilage thickness changes. MRI technique
could play a major role in monitoring therapeutic response
in the OA model. The cartilage thickness could be used
as a primary end point and could substitute the classical
JSW.
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